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ENDF/B-VII.0            ENDF/B-VII.1

294 citations 
(SCOPUS) 

Release December 2011
5 years after ENDF/B-VII.0

Major improvements:
• structural materials
• minor actinides
• covariances (110 materials for AFCI
• eliminating some deficiencies
• fixing errors

Roadmap:
• beta0 version November 2010
• beta1 version January 2011
• beta2 version February  23, 2011
• beta3 version May 2011
• release & paper December 2011 
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Major Changes Planned for ENDF/B-VII.1

1.  Covariances (VII.0: 4% => VII.1: 30%) (BNL, ORNL, LANL)
2.  Light nuclei based on R matrix work  at LANL (4He, 6Li,  9Be, 

16O)
3.  Structural materials: 
3.1. New evaluations – supported by criticality safety (ORNL)
3.2. Improvements to thermal cross sections (BNL)

4.  Pu fission products yields, delayed neutrons, gamma data (LANL, 
LLNL)

5.  Actinides – a few new evaluations for  minor actinides, 
improvements  to fission, capture, (n2n) using feedback from 
critical assembly reaction rate data, and data from LANSCE, 
CERN etc (LANL)

6. Many new JENDL-4 data adopted for Minor Actinides
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ENDF/B-VII.1beta2 (neutron sublibrary)
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Total number of materials 418
New or revised materials 168
Totally or partially new materials 62
    - LANL 10

    - LANL/ORNL 8
    - ORNL 10
    - ORNL/IAEA 6
    - BNL 3
    - LLNL 8
    - IRMM (Geel, Belgium) 7

Thermal x-sec adjustment BNL 10
Other fixes 21
Adopted: 75
    - JENDL-3.3 (R.Q. Wright corr.) 2
    - JENDL-4.0 69
    - JEFF-3.3 (R.Q. Wright corr.) 4
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New or partially new evaluations in beta2
§   He-4     New R-matrix analysis by LANL
§   Li-6       New R-matrix evaluation by LANL using WNR data
§   Be-9      New evaluation by LANL
§   O-16     New R-matrix evaluation by LANL including covariances
§   F-19      New MF2/32 evaluation by ORNL
§   Na-23    New full range evaluation by BNL
§   Cl-35     New R-Matrix Limited MF2/32 evaluation by ORNL
§   Cl-37     New MF2/32 evaluation by ORNL
§   K-39      New MF2/32 evaluation by ORNL
§   K-41      New MF2/32 evaluation by ORNL
§   Ti-46     New fast neutron region and covar. by LANL, new MF32 by ORNL 
§   Ti-47     New fast neutron region and covar. by LANL, new MF32 by ORNL
§   Ti-48     New fast neutron region and covar. by LANL, new MF32 by ORNL
§   Ti-49     New fast neutron region and covar. by LANL, new MF32 by ORNL
§   Ti-50     New fast neutron region and covar. by LANL, new MF32 by ORNL
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New or partially new evaluations in beta2
§  V-51     New fast neutron region and covariances by LANL, MF2 from JENDL-4 
§ Cr-50    New MF2/32 by ORNL
§ Cr-52    New MF2/32 by ORNL
§ Cr-53    New MF2/32 by ORNL
§ Cr-54    New MF2/32 by ORNL
§ Mn-55   New MF2/32 by ORNL, new fast neutron region and covar. by IAEA
§ Ni-58    New MF2/32 by ORNL, updated a-production, various corrections

§ Ni-62    New MF2 evaluation by BNL
§ Kr-78    New fast neutron region by LLNL merged with MF2 from ENDF/B-VII.0
§ Y-89     New evaluation for total and capture by LANL
§ Zr-90    New MF2 by BNL, bound level at -234 keV removed
§ Cd-106,108,110,111,112,114,116   New MF2 from IRMM
§ Xe-123, 124   New fast neutron region by LLNL, various fixes by  BNL
§ Ta-180, 181   New fast neutron region by LLNL, various fixes by BNL
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New or partially new evaluations in beta2
§  W-180, 182, 183, 184, 186   New MF2/32 by ORNL, new fast neutron region + 

covariances by IAEA
§ Re-185, 187   New fast neutron region by LLNL with BNL fixes 
§ U-235    LANL reverted dn 6-grp to ENDF/B-VI.8, new MF33 evaluation by 

              ORNL/LANL, PFNS (MF5,MT18) on finer grid 
§ U-237    New LANL (Phil Young) fast neutron region and dn 6-grp reverted to 

              ENDF/B-VI.8
§ U-238    LANL reverted dn 6-grp to ENDF/B-VI.8,  new MF33 evaluation by

             ORNL/LANL
§ U-239    New fast neutron region by LLNL with MF2 estimated by A. Trkov BNL
§ Pu-238  New fast neutron region by LANL (P.G.Young et al.)
§ Pu-239   New MF35,MF31,PFNS by LANL, new MF33 by ORNL/LANL, 

              LANL reverted dn 6-grp to /B-VI.8, BNL extended URR to 30keV,
§ Pu-240  New fast neutron region by LANL including MF31,33,35
§ Am-241 New evaluation and covariance matrices by T. Kawano LANL   
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Thermal and resonance region updates
S. Mughabghab (BNL)

Work motivated by integral reactivity worth measurements by Dean et al. 
indicating deficiencies in VII.0.
Reevaluation of the thermal values by adjusting parameters of bound and initial 
unbound resonances for:
§ Mn-95
§ Tc-99
§ Rh-103
§ Ag-109
§ Cd-113
§ Nd-145
§ Eu-153
§ Cs-133
§ Nd-145
§ Eu-153
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Gd-157
Modification of thermal cross section
• Following new RPI measurement 

reporting thermal capture ~10% 
lower than ENDF/B-VII.0 

• Supported by integral 
experiments

• Gamma width of the first 
resonance decreased by 9% 
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55Mn - IAEA coordinated evaluation
R. Capote & A. Trkov

• RR by Luiz Leal (ORNL) 
• EMPIRE code for the fast neutron region
• Newly developed dispersive optical models both for W 

isotopes  and Mn using coupled channel formalism
• Non-coupled levels by DWBA
• Pre-equilibrium emission by exciton model
• Width fluctuation by HRTW method
• Radiative strength function - Modified Lorenzian (RIPL)
• Level densities - Enhanced Generalized Superfluid Model 

(RIPL-3 EGSM)
• Covariances: EMPIRE Monte Carlo + GANDR
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55Mn inelastic scattering 
R. Capote & A. Trkov

USNDP Annual Meeting, Nov 4-6, 2009Mike Herman

55Mn(n,inl) 
In theory we trust!
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55Mn
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23Na evaluation -  BNL/INL assimilation project
from integral experiment to reaction model parameters
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Scattering radius

• EMPIRE/KALMAN used in the  fast range 

• Fluctuations in above 1 MeV reproduced with 
‘Tune’ parameter in EMPIRE

• ~120 resonance and reaction model 
parameters varied - only 10 important

• Scattering radius included (no correlations)

Atlas
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ENDF/B-VII.1 beta2 verification at BNL
R. Arcilla

NNDC Linux Cluster

simple physics & conformance to 
recommended procedures

complicated physics

ability to perform simple neutronics 
calculations (GODIVA)

conformance to ENDF format

producibility of  ACE files for  
neutronics calculations 

CHECKR, FIZCON, PSYCHE can be downloaded from http://
www.nndc.bnl.gov/nndcscr/endf/endf-util/index.html
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ENDF/B-VII.1 beta2 verification at BNL

§ Updates of checking codes were needed to process all 
new evaluations

§ Number of formal errors in evaluations corrected
§ In a few cases authors asked to revise the files
§ Checking VIEWR plots critical
§ F-19 and Cl-35 (R-Matrix Limited format) need NJOY-2009 

or -2010
§ Verification chain run several times over the whole library
§ Help from LLNL - conversion of beta2 into XENDL format 

and back revealed hidden errors in VII.0 (MF14)
§ Checking physics consistency (case of Cr isotopes)
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paradigm shift

Evaluation of Cr isotopes
• New resolved resonance parameters determined with 

SAMMY analysis for all Cr isotopes at ORNL
• Initial file contained new Karlsruhe evaluation in fast 

neutron region 
• BNL checking revealed number of problems in the fast 

neutron part 
• energy balance

• gamma production

• elastic angular distributions at low energies 

• ORNL RR merged with ENDF/B-VII.0 fast neutron 
region at BNL
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Covariances in ENDF/B-VII.1
 AFCI effort by BNL and LANL
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M. HERMAN Development of ENDF/B-VII.1 and its covariance component

Minor Actinides: some of the JENDL/AC actinides data
reviewed and submitted by LLNL might be replaced by
newer evaluations. In particular, work on Np isotopes
is underway at LANL. New EMPIRE based evaluations
for Cm isotopes, including covariances, were performed
at KAERI. Alternative evaluations might also be pro-
duced by BNL.

Fission spectra: LANL is preparing prompt fission spec-
tra on finer energy grid since the current grid turned out
to be too corse.

3. DEVELOPMENT OF COVARIANCES FOR

ENDF/B-VII.1

Recent advances in the neutron transport calculations
combined with difficulties in performing mockup experi-
ments make numerical simulations the only viable approach
to the design of new generation of nuclear reactors and other
innovative applications of nuclear technology. Such sim-
ulations naturally rely on the underlying nuclear reaction
data. In most cases, however, the general purpose libraries
are not accurate enough for a specific application and have
to be adjusted to the carefully selected set of existing
integral experiments. In order to perform such adjustment
in a meaningful way one needs covariance data for the
materials that play significant role in the considered design.
The covariances in ENDF/B-VII.0 are scarce and erratic
that makes them inadequate for any application.

The ENDF/B-VII.1 will satisfy covariance needs of one
particular application - the Advanced Fuel Cycle Initiative
(AFCI). This project, initially known as GNEP, is seeking
to produce adjusted group-wise data suitable for the design
of fast reactors. The list of nuclei that are involved in
this exercise comprises 110 materials, as shown in Tab. 1,
including 12 light nuclei, 78 structural materials and fis-
sion products and 20 actinides. The covariance data are
requested for elastic, radiative capture, inelastic scattering,
fission and (n,2n) cross sections, ν-bars, fission spectra and,
in a few particular cases, also for µ-bars. This considerable
effort is shared by BNL, LANL, and ORNL with: (i) LANL
responsible for light nuclei and actinides in the fast neutron
range, (ii) ORNL responsible for the resonance range in a
number of selected materials, and (iii) BNL in charge of all
the remaining materials in the whole energy range.

There is a general consensus that covariances should be
an integral part of the evaluation procedure to reflect actual
experimental data and reaction theory modeling adopted
by the evaluator and to ensure that the covariances are
determined with respect to the current cross sections. Strict
adherence to this principle would mean reevaluation and
subsequent validation of the 110 materials listed in Tab. 1.
Such effort would be impossible before the release of the
library that is planned for December 2011, chosen so for the
library to have impact on development of the AFCI project.
Therefore, CSEWG decided to relax the strict consistency
requirement and the overwhelming majority of covariances

Table 1. List of isotopes in the AFCI project (priority materials in
bold).

1H 28Si 92Mo 109Ag 149Sm 232Th
2H 29Si 94Mo 127I 151Sm 233U

4He 30Si 95Mo 129I 152Sm 234U
6Li 50Cr 96Mo 131Xe 153Eu 235U
7Li 52Cr 97Mo 132Xe 155Eu 236U
9Be 53Cr 98Mo 134Xe 155Gd 238U
10B 55Mn 100Mo 133Cs 156Gd 237Np
11B 54Fe 99Tc 135Cs 157Gd 238Pu
12C 56Fe 101Ru 139La 158Gd 239Pu
15N 57Fe 102Ru 141Ce 160Gd 240Pu
16O 58Ni 103Ru 141Pr 166Er 241Pu
19F 60Ni 104Ru 143Nd 167Er 242Pu

23Na 90Zr 106Ru 145Nd 168Er 241Am
24Mg 91Zr 103Rh 146Nd 170Er 242mAm
25Mg 92Zr 105Pd 148Nd 204Pb 243Am
26Mg 93Zr 106Pd 147Pm 206Pb 242Cm
27Al 94Zr 107Pd 207Pb 243Cm

95Zr 108Pd 208Pb 244Cm
96Zr 209Bi 245Cm
95Nb 246Cm

will be developed a posteriori, i.e., the existing ENDF/B-
VII.0 evaluations will be amended with newly developed
covariances. This approach presents additional challenge
since the uncertainties are to be assigned to the ENDF/B-
VII.0 data although the present analysis might suggest
different values. These inconsistencies must be accounted
for in the final covariances, which implies acceptance of
rather conservative uncertainties and necessitates use of
some ad hoc methods for their determination.

Only in a few instances ENDF/B-VII.1 covariances will
result from a consistent evaluation procedure. This is the
case of 23Na that will be discussed separately. This is
also true for ORNL analysis of new resonance data for
58,60Ni and 53Cr. Sets of new cross sections and covariances
in the full energy range were also submitted for 55Mn
(ORNL/BNL/IAEA) and 52Cr (ORNL/FZK).

I addition, the ENDF/B-VII.1 library will include co-
variances for a number of materials that are not in the AFCI
list (Tab. 1). To this category belong complete new evalu-
ations for the chain of tungsten isotopes 180,182,183,184,186W
(IAEA) and titaniums 46,47,49,50Ti (ORNL/LANL). Further-
more, ORNL has evaluated resonance regions in 39,41K,
35,37Cl, and 19F providing covariances for the resonance
parameters (MF=32).

3.1 Covariance Methodology

The covariance component of the ENDF/B-VII.1 in-
cludes various types of the materials, such as light nuclei,
structural materials, fission products and actinides. In each
of these classes there are priority materials (see bold entries
in Tab. 1) and those which are of lesser importance. These
factors influence choice of the methodology chosen for the
estimation of covariances.
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List of nuclei in AFCI (priority materials in bold) 

AFCI/GNEP project  - 110 
covariances, which will serve as a 
reference for constructing ENDF-6 
formatted covariance files for  
ENDF/B-VII.1

LANL - light nuclei, actinides, fission 
spectra.

BNL - structural materials, Na, 
minor actinides,  and all the rest 
including RR.

Covariances expected in beta3 to 
be released in May 2011
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ENDF/B under GForge

§Version control: Subversion
§Deficiency tracking
§To do list tracking
§Release system

 -Tags & Files 
§Documents
§Mailing list
§Wiki
§ (Forum)
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NNDC GForge server
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Commit activity - exact record
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Browsing SVN repository
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Checking file history 
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Managing releases 
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Wiki - collaborative documents 
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Next steps towards ENDF/B-VII.1
§ micro-CSEWG meeting - end of March at BNL

• Validation results for beta2
• Covariances 
• Further actions

§ ENDF/B-VII.1beta3 in May before mini-CSEWG meeting in June
• Full set of AFCI-2.0 covariances
• Fix eventual problems
• Address validation issues

§ mini-CSEWG meeting - June 2011 on Long Island
§ July 2011 - papers ready for review
§ Final beta4 version in October 2011
§ CSEWG meeting - November at BNL 

• Approval of the library 
§ Release in December 2011
§ Nuclear Data Sheets publications in December 2011 
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